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TRIANGULARWINGINCOMBINATIONWITHA FUSELAGE

ByWilliamE. Palmer

A wind-tunnelinvestigateionwasconductedto determinetheeffects
on lift,drag,andpitthingmomentof a reductionof thethicknessratio
ofa 60°triangularwingfrom6 percentto 2 percentatMachnunibers
from0.15to 0.40andReynoldsnumbersfrorn0.9x 106to 9x 106. Inves-
tigated,inaddition,weretheeffectsof theremovalof theouter
24.9percentofthespanof the6-percent-thickwingthrougha rsmgeof
MachnuuibersfromO.40to 0.6 atReynoldsnumbersfrom3x l& to 6x 106.

x Anglesofattackrangedfrom-ho to 360foralltestsexceptwhereWnited
by tunnelchoke.

h Theresultsofthisinvestigationshowthateithera reductionof
thicknessratioortheremovalof thetipsproducedan increaseindrag
dueto lift,a reductioninvaluesofmaxtiumlift-dragratio,anda less
negativevariationofpitching-momentcoefficientwithliftcoefficient
atmoderateanglesof attack.Thevariationof liftcoefficientwith
angleofattackat zeroliftwasreducedby removalof thewingtips,
butwasnotaffectedby thereductionof thickness.Dragdueto liftwas
seenat lowspeedstobe dependentontheReynoldsnuniberbasedonthe
wingleading-edgeradius;however,athighsubsonicMachnumbers,Reynolds
numbereffectson dragdueto liftdecreased.Irregularitiesobservedin
theliftandpitching-momentcurvesof the6-percent-thickdeltawingat
a liftcoefficientofapproxtitely0.4andMachnunibersof 0.60to O.&j
wereeliminatedby theremovalofthepointedtips.

INTRODUCTION

Thehigh-strengthcharacteristicsofwingswithtriangularplan
formspermittheuseofverythinatifoilsectionswhichprovidelow
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minimum-dragcharacteristicsat supersonicspeeds.Thesmallvaluesof ,J
leading-edgeradiusassociatedwiththinwings,however,areknownto .
resultinpoordrag-due-to-liftcharacteristicsat subsonicspeeds.In
ordertoprovidequantitativeinformationontheeffectsofbothwing
thicknessahdReynolds”numberat subsonicspeedsonthedragaswellas

F

ontheliftandlongitudinalstabilitycharacteristicsof deltaplan
forms,an investigationwasmideintheLangleylow-turbdencepressue
tunneloftwodelta-wing-+l?uselagecombinations.Eachconfigurationhad
a wingwithleading-edgesweepbackof600,an aspectratioof2.31,and
a taperratioof zero.OnewinghadNACA65Ati airfoilsectionsand
theotherhadNACA65A032airfoilsectionsparallelto theplaneof

—

symmetry.Testsweremadethrougha rangeofangleofattackfrom-2°
to 36°atReynoldsnurtibersfrom0.9x 106to 9x 106andatMachnunibers
from0.15to O.@ forthe6-percent-thickwingand0.15to 0.40forthe
2-percent-thickwing. Dataat highersubsonicMachnunibersforthe
2-percent-thickwingareavailableinreference1.

Oneof theproblemsinvolvedintheuseofthindeltawingsof con-
stantpercentagethicknessisthedifficultyassociatedwithconstruction
ofthepointedtipsbecauseoftheverysmallabsolutethicknessof these
sections.Recent(unpublished)free-flighttestsof thindelta-wing
modelshaveindicatedalsoa tendencyforthetipsec.tlonsto flutter.
Todetermine,therefore,theeffectsonthestaticaerodynamiccharac-
teristicsofremovalofthepointedtips,testswerealsomadeona
thirdwinghatingtheairfoilsectionsofthe6-percent-thickwingbut
withtheplanformmodifiedby removaloftheouter24.9percentofthe

&o sweepbackoft~espan.Theresul.ta@planformwasonehaving %“
leadingedge,an aspectratioof1.39,anda taperratioof0.249.Tests
weremadethrougha rangeofangleofattackfrom-koto360atReynolds
numbersfrom3 x 106to6 x 106andMachnumbersfrom0.40to 0.95. w
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Thesymbolsusedinthepresentpaperaredefinedas follows:

aspectratio

wingspan,ft ——

dragcoefficient,D/qS

dragcoefficientat zerolift

liftcoefficient,L/qS
—.
b

.
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maximumliftcoefficient

pitching-momentcoefficient,%/4/qsE

2 13/2
wingmeanaerodynamicchord,

Jso
C%y, ft

&rag,lb

lift,lb

Wch nuder

pitchingmomentabout0.256point,ft-lb

free-streamdynamicpressure,$+, lb/sqft

Reynoldsnumberbasedoh 6

Reynoldsnuniberbasedon r

wingleading-edgeradiusat themeanaerodynamic
chord,ft

totalwingarea,sqft

free-streamvelocity,ft/sec

modelangleof attack,deg

free-streammass

maximumvalueof

valueof CL at

drag-due-to-lift

density,slugs/cuft

lJft-dragratio

WhiCh (L/D)_ OCCLU?S
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APPARATUSANDPROCEDURE .“
Tunnel

.

ThetestswereconductedintheLangleylow-turbulencepressuretun-
—

neldescribedinreference2. IndependentvariationsinReynoldsnuriber
andMachnurribercsmbe obtainedby meansofvariationsintunnelstagna-
tionpressurefrom1 to 10atmospheresinairandfrom1/5to 1 at~s-
pherein Freon-12.Machnunibersup.totunnelchokecanbe obtainedwith
theuseofFreon-12as a testingmedium.AlldataobtainedinFreon-12
wereconvertedtoequivalentairdataby themethodsof reference3.

Models

Threefull-spanwing-fuselageconfigurationswereinvestigated.The
firsttwowingswereof deltaplanformwith600sweepbackoftheleading
edge(A= 2.31);onewinghadNACA65ACX16airfoilsectionsandtheother
hadNACA65Acm2airfoilsections,bothparalleltotheplaneof symmetry.
AirfoilordinatessregivenintableI. Thethirdwingwasidenticalto
the6-percent-thickdeltawingexceptt~t theouter2k.9percentofthe
spanwaseliminatedto forma wingwith600sweepbackof theleadingedge,
an aspectratioof1.39,anda taperratioof0.249.Thetipsofthis
wingwereformedby revolutionofthethicknessdistributionaboutthetip
chord.Additionaldetailsofthenmdelsaregiveninfigure1. Figure2
isa photograph.of theclipped-tipmodelinstalledinthewindtunnel.

The6-percent-thickdeltawingwassolidaluminumm.dtheothertwo
wingsweresolidsteel.Allwingswereattachedto thefuselagewiththe
trailingedgelocated27’.9inchesbehindthefuselagenose. Inthis
arrangement,thequarter-chordpointofthemeanaerod~amicchordsof
thetwodeltawingswaslocatedadjacenttothemaximumdi=eterofthe
fuselage,andthatoftheclippedwingwas.Q.4inchforwardofthemaxi-
mumdiameterof thefuselage.

—

Thehollowsteelfuselage,theordinatesofwhicharegivenin
tableI, isa bodyofrevolutionof finenes~”ratio10reducedfromI-2
by cuttingofftherearend.

Eachmodelwassting-mountedinthetunnelas sho& infigure2.
Forceandmomentmeasurementsweretakenby useofan electrical-type
strain-gagebalancehousedwithinthemodelfuselage.

Tests

Testsweremadethroughan angle-of-attackrange“ofapproximately-4° .ti-
to36o. TheReynoldsnumbersand~ch numbersinvestigatedforeachcon-
figurationareshowninfigure3. Pointsinthisfigurearedividedinto

d
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groupsinorder
and2 represent
numbersforthe

to definemre clearlytherangeof comparison.Groups1
datathatshowtheWch numbereffectsat twoReynolds
6-percent-thickdeltawing. Testsof groups3 andk

showtheReynoldsnuuibereffectsa% twoMachnumbersforthe2-percent-
thickdeltawing. Group5 representsteststhatshowtheeffectsof
reducingthethicknessthroughtheReynoldsnuniberandlowMachnumber
range.Datarepresentedby groups2 and6 showtheeffectsofremoving
thepointedwingtipsthroughtheWch nunberrangeinvestigated.Tests
atMachnunibersgreaterthan0.4weremadeinFreon-12.

Lift,drag,andpitching-momentwereobtainedat eachtestcondition.
Accuraciesof theassociatedcoefficientsareestimatedtobe approximately
~0.01,~0.COl,and~0.~3,respectively,formostof thetestdata;how-
ever,therandomerrorsforthelowestReynoldsnumbers,andcorrespond-
inglylowdynamicpressures,areapproximatelytwiceas large.The
accuracyoftheangle-of-attackmechanismhasbeenfoundtobe approxi-
matelytO.1°inthemostinaccuratecondition.

Calculationsbasedon staticloadingsindicatethatforthethinnest
wingatmaximumlifttheangulardeflectionresultingfromaerodynamic
loadsislessthan0.2°. It is concluded,therefore,thataeroelastic
effectson allwingstestedarenegligible.

Corrections

Theeffectson Machnumberanddynamicpressureof constrictionof
theflowbythetunnelwallsweretakenintoaccountby a methodbased
on ir&ormationpresentedinreferences4 and5. Anglesofattackand
dragcoefficientswerecorrectedfortheeffectsofboundary-induced
upwashby themethodofreference6. Anglesofattackhavealsobeen
correctedforsupportdeflectionresultingfromload.

Becausethebalancesystemwasan internalone,no forceswere
measuredon thesupportsting,andtheonlyaerodynamictaresweredue
to theinterferenceeffectofthestingsupportonthenmdel.An inves-
tigationof thestingtaresmadeforthepresentconfigurationandthe
resultsofreference7 indicatethatforlowanglesofattacktheonly
measurableeffectofthestingon themodelcharacteristicswasonthe
drag. At highanglesofattack,however,thestm canaffectthelift
andpitchaswellas thedrag. Becauseof loadlimitationsof thesting-
tarearrangement,stingtaresat highanglesof attackhavenotbeen
obtained.Inan effortto avoidtheseunknownstingtares,fuselage-
alonedatafromreference8 havebeenalgebraicallysubtractedfromthe
basicwing-fuselagedata,therebyleavinglift,drag,andpitching-
momentcoefficientsofthewingplusinterference.Thepercentagechange
indragcoefficientthatresultsfromtheincrementinbasepressuredue
to installationofthewingon thefuselagewasfoundtobe negligible.
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In ordertoprovidequantitativeinformationondragdueto lift
andmaximumlift-dragratiosforthewing-fuselageconfigurations
investigated,thedragdqtawere.a#ustedto a conditionatwhichthe
staticpressureatthefuselagebasewasequalto free-streamstatic
pressure.Allplotsofdragdueto llftandmaximumlift-dragratio
presentedhereinrepresent&ta thathavebeenadjustedto this
condition.

RESULTS

Datashowing’theeffectsofreducingthe
removingthepointedtipshavebeenpresented
ience.Thedataarepresentedas

Effectofreducingthethickness:

wingthickness andof
separatelyforconven-

Indicatedinthefol16wingtable:

Figures

Basicdata. . . . . . . . . . . . . . . . . . . . . . . . . . 4t06
Lift-curveslope.. . . . . . . . . . . . . . . . . . . . . . . . 7
Maximumliftcoefficient.. . . . . . . . . . . . . . . . . . . . 8
Static-stabilityparametero . . . . . . . . . . . . . . . . . . . 9
Dragduetolift. . . . .. . . . . . . . . . . . . . . . . . . .10
Maximumlift-dragratio . ● . . ● ● . ● . . . . . . . . . . . ● .ll

Effectof removingthetips:
Basicdata. . . . . . . . . . . . . . . . . . . . . . . . . . . .U
Lift-curveslope.. . . . . . . . . . . . . . . . . . . . . . . .13
Static-stabilityparameter. . . . . . . . . . . . . . . . . . ..l~
Dragduetolift. . . . . . . . . .J. . . . . . . . . . . . . .15
~imumlifi-drag ratio . . . . . . . . . . . . . . . . . . . . .16

In thefollowingdiscussion, any reference to a wing will pertain
to the wing plus interference. Thepitching-momentcoefficients pre-
sented for the three wing configurations are referred to the quarter-
chord point of their respective meanaerodynamicchords,

DISCUSSION

Severalinvestigationshavebeenmadeofthenatureoftheairflow
aboutsweptwingshavingsmallleadLng-edgeradii(refs.9 and10,for
example). It isbelievedthata briefreviewof someofthemoreimpor-
tantresultsof thesestudiestillaidintheinterpretationofthe
resultsobtainedduringthepresentinvestigation.

it

.

“u

.
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Ithasbeenshownthat,forairfoilsectionsorwingshavingsmall
leading-edgeradii,theflowischaracterizedby a separationat the
leadingedge,beginningat lowanglesof attack,andtheseparatedflow
generallyreattachesto forma “bubble.”Themagnitudeofthissepara-
tionbubbleismarkedlyaffectedby leading-edgeradiusandReynolds
nunherandincreaseswitha decreaseineitherparameter.Forwings
sweptbackmorethanapproximately35°,theseparatedflowtendsto
coalescetowardthetip,resultingintheformationof a cone-shaped
vortex,thecoreofwhichliesalonga linepassingthroughtheleading
edgeat therootchordandissweptbackslightlymorethanthewing
leadingedge.As theangleofattackisincreased,thesizeofthe
separationvortexandthesweepangleofthevortexcoreincrease,the
rateof increasebeinggreatestat lowangles.

Theseparationbubblereducestheleading-edgepressurepeak,and
if itextendsoveronlya portionofthechord,theuppersurfacepres-
suresbecomemorenegativeintheregionofthebubblebehindtheimme-
diatevicinityof theleadingedge. Thenetresultisto increasethe
liftandmovethesectioncenterofpressureto therearas compared
withtheconditionwhereno leading-edgeseparationexists.Thiseffect
hasmanytimesbeendescribedas a cambereffect.Reductionofthe
pressurepeakandincreaseinliftcombinetoproducegreaterdrag.
Whenthevortexconeangleincreasessufficiently,therearextremity
oftheseparationbubblepassesoffthetailingedgeof thetipchord
andthetipsectionexperiencescompleteseparationandcorresponding
lossof lift.As thesingleof attackis increasedfurther,thecone
anglecontinuesto ipcreasesothattheinboardboundaryofthecom-
pletelyseparatedregionmovestowardthewingroot. Withthesefacts
inmind,it canbe seenthatchangesintheaerodynamiccharacteristics
dueto certainchangesinwingparameterscanbe relatedto theeffects
ofthevortexformationoverthewing.

EffectsofThickness

Liftcharacteristics.-Presenceof thevortex-t~eflowisindicated
infigures4(a),5(a),and6(a)by theincreaseinlift-curveslopeat
a liftcoefficientofapproximately0.1forthethinnerwingandat
higherliftcoefficientsforthethickerwingaswouldbe expectedbecause
of itslargerleading-edgeradius.Aftertheinitialincreasein slope,
theliftcurvesareroughlyparallelup totheapproachof stall
(fig.6(a)),indicatingtlmttheprogressof thevortexoverthemid-
semispansectionsisaboutthesameforthetwowings.As seenfrom
figures4(a),~(a),6(a),and7,theeffectson liftof increasingthe.
Reynoldsnuuiberfromapproximately1 X 10b to
small for angles of attack below wing stall.

9 X 106 are, in general,
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Thelift-curveslopesat zeroliftandlowspeedsareapproximately
thessmeforbothwingthicknessesthroughtherangeofReynoldsnumber
investigated(fig.7). Dataofthisreportandthose-ofreference1
indicatethatthelift-curveslopesat zeroliftincreaseat thehigher
Machnumbers,theincreasebeingslightlygreaterthanthatpredicted%y
theory(ref.11).

Theslightirregularityintheliftcurveofthe6-percent-thick
wingat a liftcoefficientofabout0.4andl&chnumbersof0.6to 0.85
(fig.L(a)) isalsoapparentinthedataforthe2-percent-thickwing
asreportedinreference1. Discussionoftheprobableflowphenomena
associatedwiththisirregularityispresentedinthesectiononpitching
moment.

At lowMachnumbers(M<0.3),valuesof & increaseforthe
6-percent-thickwingfrom1.10to 1.20as theReynoldsnumberis
increasedfrom1.6x 106to 9.3x 106(fig.8(a)).Althoughthevaria-
tionof c% with R issomewhaterraticforthe2-percent-thick

wing,figure8 indicatesa tendencyforthevaluesof CL tobe

higherforthe2-percent-thickwingtkn forthe6-percent-thickwing
atReynoldsnumberslessthan2 x 106 andloweratRemoldsnumbers
greaterthan2 x 106. Bothwingsindicatea decreasein C~x with
increaseinMachnuttiber(fig.8(b)).

Pitchirig-momentcharacteristics.-Thepitching-momentdatainfig-
uresL(b),5(b),and6(b)showa forwardshiftinaero@amic-center
positionat ~ues of CL atwhichtheincreaseinlift-curveslope
wasapparent.Thepreviousdiscussionoftheeffectsofthevortex
flowshowsthattwochangesinloadingtske@ace onthewingwhichpro-
duceopposingeffectson theaerod-ic-centerlocation:(1)thecam-
bereffect,whichresultsina rearwardshin insectionloading,and
(2)thelossof liftat thetipsectionsas thevortexmovesinboard.
It isobviousfromthedataof figuresit(b),5(b),and6(b)thatthe
tipseparationhasa morepronouncedeffect-onthepitchingmoments
eventhoughthecsmbereffectis sufficientto causean increasein
lift-curveslope.As wouldbe expected,theshiftinaerodynamiccen-
terbeginsat a lowerangleof attackonthethinnerwing.

At Jhchnumbersabove0.6,theforwardkovementiaaerodynamic-
centerpositionforthe6-percent-thickwingbecomesmuchmorerapid
withincreasingliftcoefficientata liftcoefficientofapproxi-
mately0.4(fig.h(b)).Thisirregularityinthepitching-momentchar-
acteristicswasalsonotedinreference1 forthe2-percent-thickwing
andispossiblyassociatedwithan increasedseverityintipstall

.
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ii resultingfrom
of thetipsis

shockformations.Supportoftheassumptionthatstalling
theCawe ofthepitchvariationcanbe obtainedfromfig-

ure4(a),whichindicatesa decreaseinlift-curveslopeatthesameI&ch
numbersandliftcoefficients,andfromthecharacteristicsofthewing
withthetipsremovedaspresentedina latersection.Thedataof fig-
ures4(a)and4(b)andofreference1 alsoindicatethattheirregularity
inpitching-momentcharacteristicsdecreasesinmagnitudeas theWch
numberis increasedaboveabout0.80.

A comparisonof thecurvesof figure5(b)showsthatthepitching
characteristicsof the2-percent-thickwingwerenotappreciablyaffected
by increasingtheReynoldsnumberfrom1.8x 106to 9.1x 106. As the
Reynoldsnuniberisdecreasedto 0.9x 106,however,thepitching-moment
slopeismorenearlylinearat lowandmoderatellftcoefficientsandis
lessnegativeinthelow-liftrange(fig.9(a)).

Forthe6-percent-thickwing,figure9(a)indicatesthatthereis
nomeasurablescaleeffecton thepitching-nmmentslopeat zerolift.
Figure6(b)showsthatforthethickerwingtheinitialshiftin
aerodynamic-centerpositionoccursatapproximatelythesaneliftcoef-
ficientthroughtheReynoldsnuniberrange,buttheshiftismoregradual
athigherReynoldsnumbers.Valuesofpitching-moment-cmeslopesat
zeroliftareshowninfiguxe9 tobe slightlylessnegativeforthe
thinnerwingthroughtheMachnuniberandReynoldsnuniberrangestested.
Dataofthepresentreportandthoseofreference1 showthatforboth

w the6- and2-percent-thickwingsthepitching-moment-curveslopesbecome
increasinglynegativeatthehighersubsonicMachnunibers.

. Dragcharacteristics.-AlthoughatMachnuuberslessthan0.4both
wingshadapproximatelythesamevalueof dragcoefficientqt zerolift,
the6-percent-thickwingandwing-fuselagecotiinationhadlowerdrag
thanthe2-percentwingandconibinationat lowandmoderateliftcoef-
ficients(figs.6(c)and6(d)).Thisdifferenceindragat liftingcon-
ditionsisattributedtothefactthattheleading-edgeseparationoccurs
at a lowerangleofattack,or ismoreextensive,forthe2-percent-thick
wing. As a resultofthisincreaseinseparation,lessleading-edge
suctionisrealizedandthebag dueto liftisgreater.

Inorderto correlatetheseparationdragintermsof sharpnessof
theleadingedge,thedrag-due-to-liftfactor~ ~

/
2 forthewing-

fuselageconfigurationisplottedagainstReynoldsnumberbasedon the
wingleading-edgeradiusinfigure10. Thisfigureshowsthatat lift
coefficientsof0.2and0.3,thedragdueto liftat lowspeedsis
primarilydependentontheleading-edgeReynoidsnumber,decreasingfrom. a valueofapproxhately0.4at a leading-edgeReynoldsnumberRr of ~

.2
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approximately0.22ata valueof Rr of14,000.An increasein Rr

/

i
21,4~producedonlya smallfurtherdecreasein ‘~ %2. Figure10

showsalsothatatthehighersubsonicMachnumbers,therateof change 0

of &/CL2 with ~ islessthanthatindicatedatthelowestMach
numbersinvestigated.Thesedrag-due-to-liftdataandthoseofother
investigationsof-delta-wing-bodycombinationshave-beenassenibledin

—

reference12 toshowthat Rr isa~rs f&ctorgovern~ ~DlCL2

atMachnumberslessthan0.25butthatRey%oldsnumbereffectson
.

‘D/cL2 decreaseconsiderablywithincreasingMachriumber.

Maximumvaluesoflift-dragratioforthewing-fuselageconfigura-
tionsareconsiderablylowerwiththe2-percent-thickwingthanwith
the6-percent-thickwingthroughtherangeofReynoldsnumberatMach
numberslessthan0.4,thedifferencebeingapproxtitely28percent
ofthehighervalue(fig.11). Thisdifferenceisa-resultofthe
highervaluesofdragdueto liftshownpreviouslyf;rthethinnerw~~.
Fortheconfigurationhavingthe6-pert.ent-thickw@, =lues of (L/D)mx
variedapproximately10percentthroughtherangeof.~chnumberinves-
tigated.Theliftcoefficientatwhich (L/D)_ occursforboththick- -
nessesisabout0.15throughouttherangeoftests.

EffectofRemovingtheWingTips J.

Liftcharacteristics.-Removaloftheouter24.9percentofthespan
reducedthelift-curveslopeup to anglesofattackofapproximately4° -
throughtherangeof comparison(fig.lZ(a)).Figure13showsthatthe
reductionin dCL/tiat.zerolift.isapproximatelythatpredictedby

.—

theory(ref.11)andismaintainedthroughthelhchnumberrangetest~d. ‘“

At liftcoefficientsof0.10to0.15theformationofthesepara-
tionvortexisindicatedby thesuddenincreaseinlift-curvedope for
theclipped-tipwing(fig.E(a)). Inthecaseofthebasicwing,how-
ever,theincreaseinslopeisnotrealizedatthislowliftcoefficient
becausethevortexismovinginbosrdandthetipsectionsloseeffec- ;-
tiveness,therebyoffsettingsomeoftheincreaseinliftduetothe
cambereffect.As a increases,thechordwiseextentoftheseparation
bubbleincreasesuntiltheentiretipchordoftheclippedwingiscovered
by thebubble.At thispoint,theloadingontheclippedwingisprobably
s-fmilarto thatonthecompletedeltawing.A further
thenresultsinthesamevariationof liftcoefficient
attackforbothwings.

increasein a
withangleof

y

“
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Y It should
oftheclipped

be mentionedthatforwingsof aspectratioas lowas that
winginvestigated(A= 1.39),increasesinlift-curve

slopearepossiblewithouttheexistenceof-theseparationvortex(see,. forexample,ref.13). Severalinvestigatorshavesuggestedthatthis
nonlinearitymaybe representedby a termoftheform au2,whichwould
indicatea gradualincreaseof dCL/dUwith a. Inasmuchastheincrease
inlift-curvesloperealizedby theclippedwingat a liftcoefficientof
about0.1isratherabrupt,it isbelievedthatthischangein dCL/dct
isduetotheseparationvortexratherthanto effectsof lowaspect
ratio.

Thebreskspreviouslynotedinthefull-deltawingdataat a lift
coefficientof approximately0.4andMachnumibersof 0.60to O.fido
notappearinthecurvesof theclippedwing. Valuesofmaximumlift
coefficientforthetwowingsareaboutthesameandoccurat aboutthe
sameangleofattack.

Pitching-momentcharacteristics.-Analysisof thecurvesof fig-
ure12(b)showsthatclippingthetipsmovedtheaerodynamiccenter
forwardat lowliftcoefficientsO < CL< 0.4 . Thisistheresultof
removinga quantityof liftingsurfacebehindthewingaerodynamiccen-
terintherangeof liftcoefficientswherethetipsofthefull-delta
wingarecarryingload. Theinitialeffectof thevortexflowon the
clippedwingisto causea rearwakdshift@ aerodynamiccenteras a
resultof theincreasedcambereffectovertheoutboardsections.The
initialeffectonthecompletedeltawing,ontheotherhand,isto
produoea forwardshiftinaerodynamiccenterresultingfromthemore
predominanttip-stalleffectaspreviouslydiscussed.At liftcoeffi-
cientsaboveabout0.6thepitckhg-momentslopesofthetwowingsare
nearlythesame,a furtherindicationthattheinboardprogressofthe
vortexisprobablythesameforbothwingsat thehigheranglesof attack.

Figure14 showsthatremovalofthetipsproduceda positiveincre-

/mentin dCmd% of,approximately0.11as comparedwith0.07predicted

by theoryat zeroliftthroughthersmgeofMAchnumbersfrom0.4to 0.85.
Bothwingsexhibita rearwardshiftinaerod-ic centeratthehighest
testMachnumbers.

,
Removalofthetipselhinatedthesuddenforwsrdmovementsinaero-

dynamiccenteratMachntiersbetween0.60and0.85(fig.12(b))aswell
as thedecreaseinlift-curveslopepreviouslynotedinfigureU’(a).

Dragcharacteristics.-Thedragcoefficientssreseeninfig-
*’ ures12(c)and12(d)tobe higherfortheclippedwingat allmoderate

liftcoefficients.Becausethedragvaluesat zeroliftarevirtually

.
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indragdueto liftcanbe—.
attributedto thedecreasedaspectratio.Figure~5 showsthatat a
liftcoefficientof0.2,clippingthetipsincreasedthevalueofthe
drag-due-to-liftfactor~D~~2 ofthecompleteconfigurationby

approximately0.1. Considerationoftheexperimentalvaluesof ~/~2

/forthetwowingsandthetheoreticalvaluesof &!DCL2 forzero
t

leading-edgesuction

()

1
a%

andfullleading-edg~suction(l/A)

57*3~

indicatesthattheclippedwingexperiencesa slightlygreaterpropor.
tionof thetheoreticalleading-edgesuctionthandoesthefull-delta
wing●

As a resultof theincreaseddragdueto liftandthepreviously
mentioneddecreaseinlift-cwrveslope,removingthepointedtips
reducedthemaximumvalueof lift-dragratioofthewing-fuselagecom-
binationontheorderof 20percentthroughtheMachnumberrange
tested(fig.16). Theliftcoefficientatwhlch (L/D)m occursis
approximately0.15forbothwings.

SUMMARYOFRESULTS

An investigationwasmadetodeterminetheeffectsofa reduction
4

inthicknessratiofrom6 percentto 2 percentandof–theremovalof the -
outer24.9percentofthespanof a 600delta-wing-fuselageconfiguration,.
Thisinvestigationproducedthefollowingresults.

1.ReductionofthicknessratioatMachnumbersfrom0.15to0.40
andReynoldsnumbersfrom0.9x 106to 9 x 106

(a)Producedno changeinthevariationofliftcoefficient”
withangleofattqckdCL/& at zerolift,butincreasedthe

—

value Of dCL/tiatmoderateliftCoefficients

(b)Produceda moreforwardlocationoftheaerodynamic
centerat lowandmoderateanglesofattack

(c)ficreasedthedragdueto liftat lowandmoderate
liftcoefficients

(d)Reduced
28percent

themaximumlift-dragratioapproximately

.
-.
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(e)Resultedinhighervaluesofmaximumliftcoefficient
atReynoldsnuniberslessthan2 x 106andlowervaluesat
Reynoldsnumbersgreaterthan2 x 106

2.Removalofthepointedtipsofthe6-percent-thickwingatMach
nmibersfrom0.4to 0.85andReynoldsnudoersof 3 x 106to 6 x 106

(a)Reducedthevalueof dCL/tiat low lift COeffiCieIltS

(b)Produceda positiveincrementinrateof changeof
pitching-momentcoefficientwithliftcoefficientof approxi-
matelyO.11at zerolift

(c)Increased the drag due to lift

(d) Reducedthe maximumlift-drag ratio
23percent

approximately

(e) Hadlittle effect on the values of msximumlift coef-
ficient at Wch nurbers less than 0.80

(f)Eliminatedirregularitiesintheliftandpitching-
momentcharacteristicsof thefull-deltawingat a liftcoeffi-
cientof 0.4andMachnumbersof0.60to O.fi

. 3.Dragdueto liftof thecomplete-delta-wingconfigurationsat
lowsp~edwasshownto decreaseas theReynoldsnupiberbasedon thewing
leading-edgeradiusincreased.At highstisonicMachnumbers,Reynolds
nuuibereffectson dragdueto liftdecreased.

LangleyAeronauticalLaboratory,
NationalAdvisoryComitteeforAeronautics,

LangleyField,Vs.,June15,1953.
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AirfoWLI

NACARM IJ531?24

#

TABLEI

AIRFOILANDFUSELAGEOFUXU?ATES .

Y
NACA’ HACA
65AO06 65A002

X/a y/e Y/e
o 0 0
.005 .00464 .001%
.0075 .00563 .00190
.0125 .00718 .00242
.025 .009= .00329
.050 .01313 .00439
.075 .01591 .00531
.10 .018% .0%08
.15 .0219& .oo731
.20 .02474 .00824
.25 .02687 .00895

.028&? JX1947
:: .Oati .CD981
.40 .029% .00998
.45 .02992 .00997
●50 .02925
.55 .02793

.0W77

.6o .02602
.00936
.00874

.65 .02364 .W796
●7O .020&? .00704
..75 .01775 .00601
.80 .OI.437 .00488
.85 .01083 .0@9
.90 .00727 .02247
.95 .00370 .00126
l.oa .00013 .00005

;.E.rad%us= 0.00229C .IX)0255U
r.E. radiua= 0.000ua .00G0450

--

m):
w

0.0050
.0075
.0125
.0250
.0500
.0750
.1000
.1500
.20C0
.2500
.yxlo
.3500
.4000
.4500
.5000
.5500
.6OOO
.65oo
.7000
.7500
.s000
.8333
.8500
.Wm
.9500
1.OQOO

%=
0.0023
.00298
.00428
.00722
.01205
.01613
.01971
.02593
.03090
.03465
.03741
a~3;

.043.43

.0a67

.04133

.04024

.0381i2

.03562

.0~28

.02526

.02083

.01852

.01125

.00439
01

Noseradius=O.0X15Z

=%?=
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Ftgure2.- The clipped-wingconfi~ation mtited in the Langley low-
turbulencepre6sure tunuel. L-76916
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Figure4.-Continued.
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Figure4.-Continued.
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(d) Vsriationof CL with ~ forthewing-fuselageconfiguration.

Figure4.-Concluded.
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Figure5.- Continued.
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(a)

Figure

AU@ ofatkack.a

Variation of CL with a for the wing plus interference.

12.- Effect of removal of the pointed tips on the aerodynamic
characteristics of a 6-percent-thick 60° delta wing.
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